Abstract: In Algeria and Turkey, the sheep production systems are based on the under extensive rural conditions and their genetic management has led to increased homozygosity and hence productivity loss. The identification of inter-breed and intra-breed genetic diversity plays a key role in the shaping of conservation and breeding programs. The present study was conducted to investigate the genetic diversity of native sheep breeds reared in Turkey and Algeria. A total of 240 animals from four Algerian (Hamra, Ouled Djellal, Sidaou, and Tazegzawt) and four Turkish (White Karaman, South Karaman, Karacabey Merino, and Kıvırcık) native sheep breeds were genotyped with fourteen microsatellite markers recommended by FAO. A total of 340 alleles were detected from fourteen markers studied. All the eight breeds exhibited moderate to high levels of genetic diversity, with a slight superiority of the Algerian sheep breeds. Overall FIS value was low, but highly significant (p < 0.001). It may have been due to the high inbreeding within the population. The mean global coefficient of gene differentiation (GST) showed that approximately 94.0 % of the genetic variation was within-population. The highest number of private alleles with a frequency above 5 % was observed in Ouled Djellal sheep. Structure analysis of populations studied revealed the most appropriate K with four genetic clusters. As the result, the dendrogram showed that the Algerian sheep breeds were completely separated from the Turkish sheep breeds furthermore the Bayesian clustering revealed a high level of admixture, especially in Algerian sheep populations.
INTRODUCTION
Domestic sheep (Ovis aries) has been a very important farm animal species for the people economically and culturally since its domestication time around the world (Ryder, 1983) . Algeria and Turkey are endowed with diverse farm animal genetic resources including the sheep breeds they are favored by the different climates existed and vegetation, which has since generated a very specific sheep breeding practice. The majority of the sheep population of Turkey and Algeria is composed of multipurpose native breed producing meat, milk, and wool. According to Turkish Statistics Agency, there are 31.2 million sheep heads distributed among twenty sheep breeds have been officially registered while Algeria has a large local sheep population with around 28 million head (Faostat, 2016) , the latter contains twelve local ovine breeds with very different phenotypic characteristics (Ameur Ameur et al., 2017) .
Turkey has a great genetic diversity that can be characterized by numerous sheep breeds are categorized into four main groups: Fat-tailed, thin-tailed, crossbreeds and extinct breeds (Yilmaz et al., 2013) . South Karaman sheep breed, which is one of these breeds and especially raised in the Taurus Mountains located in the Mediterranean region, is a fat tail native sheep breed. It was reported that the hides of this breed, which is very similar to the Karagül breed, could be used in making inner fur because of having a curly pattern of fleece (Ertuğrul et al., 2009; Kiraz et al., 2014) . White Karaman sheep breed is the most commonly used breed in central Anatolia in Turkey for lamb production, with a population of around 16.000,000 it makes up more than 50 % of the national sheep herd (TUIK, 2018) . Kıvırcık and Karacabey Merino sheep breeds are especially raised in western part of Turkey are known for their meat quality, wool, and meat production (Öner et al., 2014; Yilmaz et al., 2011 , Karaca et al., 2009 . Karacabey Merino was developed by crossbreeding of Kıvırcık and German Black Head Mutton (Yalcın, 1986) .
Algerian domestic sheep breeds were classified according to many different methods such as phenotypic data, morphological and molecular descriptions throughout history (Chelig, 1992; Djaout et al., 2017) . The Ouled Djellal breed (white Arabian breed), which constitutes more than half of the Algerian sheep population and is widely raised in Algeria. This breed has a good body conformation, has a high level of adaptability to different climatic conditions (Chelig, 1992; Djaout et al., 2017) . The Hamra sheep breed known as Deghma is a very important sheep breed for meat tenderness in Algeria (Chelig, 1992; Djaout et al., 2017) . The Sidaou breed, known as Targuia, is raised in the Sahara between Libya-Niger and southern part of Algeria with several more than one million head (Chelig, 1992; Djaout et al., 2017) . Tazegzawt sheep breed which is constituted 0.02 % of the total population raised in Kabyle and Ham in the region of Mechria (Chelig, 1992; Moulla, 2015; Djaout et al., 2017) . In recent years, nonsystematic cross-breeding practices and changes in consumer habits have triggered a quantitative reduction of this breed and quickly faced the risk of extinction threat (Moulla, 2015) .
Autosomal microsatellites are a well-known effective and powerful tool to investigate genetic structure and diversity have been widely used in sheep breeds, in all over the world, for Turkish sheep breeds (Koban, 2004; Gutiérrez-Gil et al., 2007; Yılmaz and Karaca, 2012; Cemal et al., 2013; Yilmaz et al., 2014) and for the Algerian sheep breeds (Gaouar et al., 2014; Gaouar et al.,2015; Gaouar et al.,2016a; Ghernouti et al., 2017; Ameur Ameur et al., 2018) .
The first step for a well-structured and sustainable animal breeding and conservation program is to reveal detailed information on intra and inter-breed genetic diversity. This situation indicates how important it is to reveal the genetic structure of breeds. The objective of the present study was to determine genetic diversity and population structure of different native sheep breeds raised in two different countries. 
MATERIALS AND METHODS

SAMPLING METHOD AND DNA ISOLATION
Blood samples were obtained from 240 head sheep. Blood samples were collected from Vena jugularis into tubes containing K3-EDTA as anticoagulant and stored at −20 °C until DNA extraction. DNA was extracted by using the salting-out technique reported by Miller et al. (1988) and Montgomery and Sise (1990) . NanoDrop 2000 (Thermo Scientific, Waltham, MA) spectropho-tometer device was used to determinate the quality and quantity of DNA samples.
PCR AND FRAGMENT ANALYSIS
Fourteen microsatellite markers labeled with a fluorescent dye (D2, D3, and D4) were used according to the recommendation of FAO (2011). Two multiplex groups were created according to the fragment length of microsatellites. Touchdown PCR protocols reported by Hecker and Roux, (1996) were used for the amplification of specific genomic regions ( Table 1 ). The total volume of the amplification mixture amounted to 25 μL. Amplification mixture contained 0.1 μM/each primer, 0.2 mM dNTPs (Applied Biological Materials Inc., Canada), 2.0 mM MgCl 2 , 1X PCR buffer, 1U of Taq DNA polymerase (Applied Biological Materials Inc.. Canada) and ~50 ng genomic DNA. Capillary electrophoresis was used for the separation of the PCR fragments labeled with fluorescent dye in the Beckman Coulter GeXP genetic analyzer (Beckman Coulter. Inc. USA).GenomeLab™ DNA Size Standard Kit 400 was used for the determination of fragment size.
STATISTICAL ANALYSIS
The polymorphism statistics such as number of alleles per locus (Na), mean number of alleles (MNa), effective number of alleles (Ne), observed heterozygosity (Ho), expected heterozygosity (He), Wright's F-statistics (F IT , F IS , F ST ), Hardy-Weinberg equilibrium and Principal component analysis (PCoA) was performed using the software GENALEX (Peakall & Smouse, 2006) were calculated using GenAlEx (Peakall and Smouse, 2012) . Polymorphic information content (PIC) and null allele frequencies were calculated using CERVUS 3.0.3 (Marshall, 1998). Populations 1.2.32 (Langella, 1999) and FigTree 1.4.2. (Rambout, 2006) software was used to generate neighbor-joining (NJ) tree phylogenetic tree between breeds according to Nei's Da distance matrix (Nei et al., 1983) . Robustness of the dendrogram topology was tested by bootstrap resampling (n = 1000). FSTAT version 2.9.3 software (Goudet, 2001 ) was used to obtain values belong to genetic diversity statistics such as Nei's gene diversity (H T ), diversity between breeds (D ST ), and coefficient of gene differentiation (G ST ). Analysis of molecular variance (AMOVA) was performed using the ARLEQUIN v3.5.2.2 (Excoffier and Lischer, 2010) . The STRUCTURE software was used to analyze population structure using independent allele frequencies and an admixture model (burn of 20.000, followed by 100.000 MCMC iterations with 20 replicate runs for each K) (Pritchard et al., 2000) . The appropriate number of clusters was identified using ΔK values (K = 2 to 8) that expressing the proportion of alteration in the logarithmic probability Pr(X|K) (Evanno et al., 2005) . The most suitable K value was determined according to ΔK value calculated by the STRUCTURE harvester program (Earl and Vonholdt, 2012) . The CLUMPAK program reported by Kopelman et al. (2015) was used to find the best alignment from the obtained STRUCTURE results.
RESULTS
In this study, a total of 340 alleles were identified from fourteen microsatellites used in the present study. Molecular genetic statistical parameters obtained from the fourteen microsatellites used was given in Table 2 .
The number of alleles ranged from 17 (OarCP34, D5S2) to 32 (CSRD0247), while the average number of effective alleles was 10.99. Observed heterozygosity (Ho) values varied from 0.67 (OarFCB304) to 0.85 (OarCP34). PIC values were found to be between 0.87 and 0.93. F IS values that use the local gene pool as a reference point were obtained as positive in thirteen of fourteen microsatellites. The F IT value expressing general heterozygosity loss was higher in BM1329 (0.254) locus than the other. F ST described as an indicator of genetic variation among individuals within the population was observed varied from OarJMP29 (0.041) quency greater than 5 %. Analysis of Molecular Variance (AMOVA), which is a method to detect population differentiation utilizing molecular markers, was performed to detect genetic variation between individuals and populations (Table 4) . It was revealed 84.73 % of the total variance was found within individuals while 8.56 % among individuals within populations and 6.71 % among the population.
In the PCA analysis ( deviated from the HWE (p < 0.001). Null allele frequency belonging to microsatellite loci used were found to be below 20 %. The results of genetic diversity statistics for each breed are summarized in Table 3 .
The mean number of alleles varied from 9.57 (KIV SK and KIV, the second cluster was formed by KM sheep breed raised in Turkey, the third cluster was formed by OD sheep breed and fourth cluster was formed by HR, TG and SD sheep breeds sampled from Algeria. The results of the Population structure analysis containing different numbers of clustering (K = 2-8) and performed to determine the population structure of the studied breeds are given in Figure 4 .
To present the suitable cluster number (K) in structure analysis results were given in Table 5 .
The results obtained from the STRUCTURE analysis were similar to the dendrogram drawn according to Nei's Da distance matrix (Nei et al., 1983) as expected. It is seen that the optimal number of groups was 4 considering the value of ΔK obtained by the method reported by Evanno et al. (2005) .
DISCUSSION
Today, conservation of farm animal species and the determination of the genetic diversity is currently on the agenda of animal breeders. In this context, conservation activities and characterization of genetic diversity for animal genetic resources have become very important phenomena in all over the world. Genetic variation needed for genetic improvement of domestic animals is a basic requirement for animal breeding (Askari et al., 2011) .
Mean number of alleles and polymorphic information content values observed in the present study were higher than values obtained from the other sheep breeds (Yilmaz et al., 2015; Guang-Xin et al., 2016; Kırıkçı et al., 2018) . This situation can be regarded as an important indicator of high genetic diversity in sheep populations studied.
F IS values, which is a measure of the deviation of genotypic frequencies from panmixia in populations in terms of heterozygous deficiency or excess, showed that loss of heterozygosity at just one microsatellite locus (OarCP34). The value of overall F IS was low, but highly significant (p < 0.001). It may have been due to the high inbreeding within the population. The local inbreeding coefficient (F IS ) values, which is used the local gene pool as the point of reference, was low but highly significant (p < 0.01) except OarCP34.
Similar findings have been found in previous experiments, conducted in different sheep breeds (Yilmaz et al., 2015) . Overall F ST value indicated that a moderate 0.7 genetic drift occurred in populations. It can be said that this situation is an expected finding given that populations are reared under extensive conditions and are mated freely. The global G ST value showed that 94.00 % of the total genetic variation can be explained by genetic differences among individuals. It can be accepted that the overall genetic diversity value (DST) obtained from the present study was an indication that the inter-population variability is not high. This finding supported the previously mentioned FST and GST results.
Overall H T described as Nei's gene diversity value was 0.91 which was higher than the values obtained from Algerian native sheep breeds (Ameur Ameur et al., 2018) , Turkish native sheep breeds (Yilmaz et al., 2015) and Albanian native sheep breeds (Hoda and Marsan, 2012) This finding supported Na and PIC values is an indication that goats have a high genetic diversity of populations studied.
The Hardy-Weinberg equilibrium (HWE), which is stated that allele and genotype frequencies in a population will remain constant from generation to generation in the absence of other evolutionary mechanisms, was analyzed using χ 2 test. Test results showed that allele distributions of all studied loci deviated from Hardy-Weinberg equilibrium. This is an expected finding due to the intensive selection studies conducted in the studied populations for long years.
Null allele, which was first introduced by Paetkau and Strobeck (1995) , causes to misreading of the microsatellite peaks. It has been reported by Dakin and Avise (2004) that null allele frequencies below 0.20 have no significant effect on molecular genetic studies performed with microsatellites. When the null allele frequencies obtained are examined, it is seen that the null allele frequency values of fourteen microsatellites to be studied are below 0.20. Taking this value into consideration, it has been demonstrated that working locus can be used safely in genetic diversity.
In the present study, the calculated MNa values belonging to Algerian sheep populations studied were found to be higher than the values stated in some studies on domestic and foreign breeds (Gaouar et al., 2016b; Loukovitis et al., 2016; Naqvi et al., 2017) but MNa values observed in Turkish sheep breeds were lower than those of native sheep breeds raised in Tunisia (Sassi-Zaidy et al., 2016) . This is thought to be due to the difference in the number of microsatellites and sampling methodology used in this study. FIS value, defined as the inbreeding coefficient, indicated that there is no loss of heterozygosity in populations. Deviations from the Hardy-Weinberg equilibrium should be regarded as a natural consequence of the intensive animal breeding activities that have been practiced in the populations for many years. Although the number of private alleles defined as the source of genetic diversity which has a frequency above 5 % are limited, it can be said that they have sufficient efficiency to identify populations studied.
It is seen that the essential genetic diversity is realized within individuals when the results of the analysis of molecular variance (AMOVA) are examined. Fixation index values give an idea in terms of the inbreeding coefficient and population differences. Analysis of molecular variance (AMOVA) results pointed out that these eight native sheep breeds can be differentiated weakly. The F ST value obtained from the AMOVA analysis was parallel to the G ST value. This finding proves that most of the genetic diversity is caused by the difference between individuals in the present study.
It was noticed that there were four clusters when the dendrogram was examined. Dendrogram, which is showed the position of the Turkish sheep breeds in the present study was different from the findings obtained from the study conducted on the same breeds by Yilmaz et al. (2015) . It is known that the Karacabey Merino breed was obtained by crossbreeding the sheep breeds of Kıvırcık reared in the Marmara region and German Black Head Mutton (Sezenler and Özder, 2009 ). It has a large number of local Kıvırcık form that is adapted to the different regions in Turkey (Öner et al., 2014) . Kıvırcık sheep breed which is used as animal material in the study material is raised in the Aegean region. In the context of this information, it is expected result that these two breeds will take place in different clusters in the obtained dendrogram.
STRUCTURE results showed a low level of differentiation and a high level of admixture, especially in Algerian sheep populations. The value of ΔK obtained by the method reported by Evanno et al. (2005) shows that the optimal number of groups is four as in the dendrogram. This revealed that STRUCTURE analysis and dendrogram results supported each other. It can be said that there was a high gene flow between Algerian sheep populations when examined the results obtaoined by CLUMPACK software.
CONCLUSION
Domestic sheep reared all over the world, are raised for meat, milk, or fiber production, or conservation purposes. Non-systematic cross-breeding practices applied to increase the production capabilities of domestic animals carried out by breeders are among the main problems of animal husbandry in North African countries as in Turkey (Karaca et al., 2009 ). This type of practice leads to one of the major threats such as the disappearance of local genetic diversity (Herold et al., 2012) .
The present study, which was carried out for the first time, was not described any genetic similarities between Algeria and Turkey sheep breeds. However, the result shows that populations studied have a low level of differentiation and a high level of admixture. Results obtained from the present study revealed that Algerian and Turkish sheep breeds have a high genetic variability. While the knowledge of genetic diversity between breeds is important, the benefit of understanding the genetic variation within a population is considerable. There is no research focused on within and between breed genetic variations in Algerian and Turkish sheep breeds. Microsatellites used in the study have a highly accurate identification potency for the genetic diversity of the studied breeds.
In conclusion, the present study has revealed an important knowledge about genetic diversity and the relationship between some sheep breeds raised in Algeria and Turkey. The information obtained in the study has made a significant contribution to future animal genetic conservation and breeding programs.
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